Despite huge effort has been devoted to the design of the initiators and reaction conditions, it remains challenging to synthesize high molecular weight polypeptides with conventional solution phase synthesis. In this work, surface-initiated vapor deposition polymerization (SI-VDP) was utilized to graft synthetic polypeptides poly (γ-benzyl L-glutamate) (PBLG) from polystyrene (PS) resin beads by ring-opening polymerization of N-carboxyanhydrides (NCAs). It was demonstrated for the first time that high molecular weight bulk PBLG (> 500,000) could be readily obtained within one hour via solvent-free synthetic method which paves the way for the synthesis of copolypeptides with high molecular weight.
Introduction
The study of polypeptides prepared by ring-opening polymerizations (ROPs) of α-amino acid N-carboxyanhydrides (NCAs) has flourished in the past decades. [1] [2] [3] As an important and promising strategy in synthetic polypeptides, significant advances aim at gaining precise control over NCAs, known as "living polymerizations". 4 Among them, initiators including primary amine, primary amine hydrochloride salts, 5, 6 and N-trimethylsilylamines 7, 8 proved efficient in controlling molecular weight while maintaining low polydispersity (PD) in the synthesis of polypeptides based on solution phase. Nickel catalyst mediated approach was employed to graft surface bound polypeptides from polystyrene (PS) resins, while low molecular weight (MW 22,000, PD 1.52) were measured for the split off graft PBLG. 9 Nickel mediated planar silicon surface has been exploited to synthesize homo and block coploypeptides and 3.6 nm-thick PBLG film was fabricated in DMF solution within 24h, 10 wherein it is still very challenging to synthesize high molecular weight (molecular weight > 200,000) polypeptides in an efficient way.
Polypeptides bearing hydroxylalkanoic acid groups such as poly L-glutamic acid (PLGA) are well known as important synthetic biodegradable polymers. High molecular weight PLGA has been extensively employed in drug delivery and other medical applications due to the biocompatibility and good mechanical properties.
11,12
The most common synthetic strategy to yield PLGA is through the ROPs of γ-benzyl-L-glutamate NCA followed by the debenzylation step. 13 To this end, the synthesis of high MW PBLG is crucial to yield PLGA with high MW. Previously, our lab developed the surface-initiated vapor deposition polymerization (SI-VDP) of N-carboxyanhydride (NCA) of -amino acid technique to successfully fabricate polypeptide brush films from solid substrates in high vacuum, solvent-free conditions.
We have reported that, by employing SI-VDP approach, a 187 nm-thick PBLG brush film can be achieved within 30 min, 14 which is in the order of MW ~ 3.7 × 10 5 i.e. DP ~ 1700, as estimated by FTIR, ellipsometry, AFM, and XPS. Additionally, the SI-VDP is a living polymerization, where the N-terminal groups of PBLG brush remain active for the subsequent SI-VDP of NCA of amino acid monomers, forming block copolypeptide brushes. 15 After the debenzylation step, the PLGA polymer brushes can be readily obtained. Despite the versatility of SI-VDP approach, it was largely limited to create "smart surfaces" in which their responsiveness to external stimuli including pH, vapor and temperature, and the cultivability of stem cells were demonstrated.
14, [16] [17] [18] [19] [20] In this work, we intend to develop a strategy to employ the SI-VDP of NCA amino acids as a convenient approach to create high MW polypeptides. Specifically, high surface area with the cleavable initiator coated PS resin beads are used for the SI-VDP to create high density PBLG brushes in vacuo (Scheme 1); subsequently, the PBLG may be eluted and collected in bulk. 
Experimental Section
Materials. Commercial solvents and reagents were purchased from Sigma-Aldrich and Acros and used as received. Anhydrous grade solvents were purchased from Acros and were used directly. Rink amide AM resins were purchased from Merck.
Undoped, single-polished, wedged silicon (100) wafers (Semiconductor Wafer Inc., with a dimension of 35 × 15 × 0.5 mm) were used as solid support for resin beads.
Experimental Steps. The NCA of γ-benzyl L-glutamate (Glu NCA) used for polymerizations from the SI-VDP grafting process were synthesized following the method of Daly and Poché. 21 The NCA crude product was purified by as the eluent at a flow rate of 1.0 mL/min. The sample concentration for GPC measurements was 2 mg/mL THF. Pure styrene and six PS standards with molecular weights ranged from 104 to 382100 g/mol were used for calibration.
Results and Discussion
The synthetic PBLG brushes were successfully synthesized from resin beads by SI-VDP and confirmed by FTIR characterization, as shown in Figure 1 . Absorption bands for amide I at 1652 cm -1 and amide II at 1547 cm -1 were indicative of the α-helical conformation of synthetic PBLG on solid substrates and the distinctive absorption bands of the synthetic PBLG cleaved from resin beads are also consistent with that of the bulk PBLG. 22 The results of synthetic PBLG by SI-VDP were categorized into two groups according to different variables including resin amounts, reaction time, and temperature (data not shown here): (i) At a fixed temperature, we loaded resin beads with the averaged amount of 10 mg to investigate the effects of time on the synthesis of PBLG ( Table 1 (ii) We further examine the effect of resin amount to the final MW and yields. As shown in Table 2 and Figure 3 , at a fixed 60 min reaction time, with the increase of resin amounts from 5.8 mg to 9.6 mg, the yields of PBLG were increased by ~150 %, and the average Mn were also increased from the order of 10 5 to ~10 6 . It is also worth noted that PD distribution of synthetic PBLG resemble that of polycondensates, with typical PD ≧ 2.0. termination step leading to a 5-membered lactam structure which was formed by intramolecular nucleophilic attack of the terminal amine group to the benzyl ester in the side chain. 25 The MALDI-TOF mass data shown were in good agreement with the assumption. The major products of the synthetic PBLG has a primary amine chain end and even the lactam structure can be hydrolyzed by alkaline to generate primary amine which is capable of grafting the block copolypeptides on resin beads in the future. Additionally, considering the efficiency in producing PBLG of MW > 300,000
23,24
(DP ~ 1400), the VDP system is 72 times faster than the amine initiators used previously in solution phase. Finally, as compared with our previous study on the synthesis of PBLG grafting from planar substrates, shown in Figure 5 , we used "solvent quench" approach to promote molecular bundles of PBLG with the average tilt angle <θ> of 30 o stretching from silicon surface normal. 26, 27 The film thickness visualized by ellipsometry was approximate 300 nm (DP ~ 2300, i.e. MW ~ 5.0 × 10 5 ). The MW range of synthetic bulk PBLG is consistent with that on silicon wafer, suggesting that VDP system could be utilized in grafting high MW PBLG using various solid substrates. 
Conclusions
In this paper, a new synthetic method that employs NCAs developed in order to overcome challenges in the synthesis of high MW bulk polypeptides that conventional strategies fail to achieve. It demonstrated the rapid polymerization to yield PBLG in vacuo, completing within 1h. Precise controlled PDI and the synthesis of copolypeptides are the future studies using our optimized system.
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